Abstract. The possible causes and genetic mechanisms of pulmonary carcinoid tumor development are unclear. In this study, we examined genetic alterations at the MEN1 locus in archival material from 15 pulmonary carcinoids. We employed, for the first time in this setting, real-time PCR with melting curve analysis in order to identify loss of heterozygosity (LOH) or microsatellite instability (MI) in two polymorphic markers (PYGM, D11S449) at the MEN1 locus and one additional marker (D11S906) of a putative oncosuppressive region distal to the MEN1 gene. Sequencing data were available in a selected subset of tumors in order to verify the reliability of real-time PCR analysis. We observed LOH at PYGM in 38% of the cases and MI in 13.3% of the cases. Our data indicate that real-time PCR with melting curve analysis is a reliable technique for LOH and MI detection and indicate that genetic errors at the MEN1 locus but also distal to it may be involved in the development of sporadic pulmonary carcinoid tumors.
Introduction
The MEN1 gene was discovered in 1997 by Chandrasekharappa et al (1) . The MEN1 locus has been mapped to chromosome 11q13 by establishing linkage to PYGM (2) while additional linkage analysis placed the MEN1 locus within a region flanked by D11S1883 and D11S449 (3, 4) . Loss of heterozygosity (LOH) studies attributed tumor suppressing function to the MEN1 gene region, telomerically to PYGM (5) (6) (7) . Other LOH studies suggest the presence of another tumor suppressor gene close to the MEN1 gene (8, 9) .
Alterations of the MEN1 gene, including allelic deletions and somatic mutations, have been documented in a significant number of endocrine neoplasms (2, (10) (11) (12) (13) (14) (15) (16) . In pulmonary carcinoids, an interesting subset of endocrine tumors, similar MEN1 alterations have been reported and considered to be involved in the development of these tumors (17) (18) (19) (20) (21) (22) (23) .
The possible existence of genomic instability in the MEN1 region has not been extensively investigated, although few studies have indicated its presence (24, 25) . Microsatellite instability (MI), as an indicator of genetic polymorphism, has received attention in a single report (25) .
In the current study, we employed a real-time PCR method using melting curve analysis in histopathological material from 15 lung carcinoid tumors in order to identify genetic alterations close or distal to the MEN1 tumor suppressor region. We used probes for three polymorphic markers: PYGM, D11S449 at the MEN1 region and D11S906 distal to MEN1 on chromosome 11q.
Materials and methods
Histopathological specimens. Tumor specimens were collected from the archives of the Pathology Departments of the University Hospital of Larissa, and the 'Medical Centre' Hospital in Athens, Greece. In each case, formalin-fixed and paraffin-embedded tumor and non-neoplastic (normal) tissue samples were available. The pathology of all tumor specimens was reconfirmed indicating >70% tumor cells. All 15 samples were typical carcinoids (TC) ( Table II) . Two patients exhibited positive lymph nodes at pathology including metastasis, 1 exhibited positive lymph node without metastasis, and 2 had metastasis without positive lymph nodes.
Sample preparation and DNA extraction. Tissue sections, 8-10 μm in thickness, were prepared from paraffin blocks of each tumor and normal tissue sample. Sections were deparafinized using a xylene/EtOH procedure by Wright and Manos (26) . DNA was extracted from the tissue sections using the Puregene ® Cell and Tissue extraction kit, Gentra, following the manufacturer's instructions. Genomic DNA GCA CAG GCA AAG ANG AGG TA Real-time PCR analysis. Real-time PCR with melting curve analysis was performed for three polymorphic markers: PYGM, D11S449 at the MEN1 region and D11S906 distal to MEN1 on chromosome 11q. The sequences of previously published primers (3, 20) were used for the amplification of the three markers (Table I ). In addition, primers for the amplification of a housekeeping gene (ß-globin) were used for reaction quality control reaction purposes. Real-time PCR reactions were performed by RG-3000 (Corbett Research Rotor Gene™). All samples were run in duplicate and two non-template-controls (NTC) were included in the reactions. PCR amplifications and melting curve analysis were repeated two times. Each reaction volume was 20 μl and contained 100 pg of genomic DNA, 0.6 μM each of forward and reverse primers, and SYBR ® -Green qPCR SuperMix-UDG (2X) (Invitrogen) containing SYBR-Green I fluorescent dye, 60 U/ml Platinum ® Taq DNA polymerase, 40 mM Tris-HCl (pH 8.4), 100 mM KCl, 6 mM MgCl 2 , 400 μM dGTP, 400 μM dATP, 400 μM dCTP and 400 μM dUTP, 40 U/ml uracil-DNA glycosylase (UDG) and stabilizers. The conditions of reactions were as follows: 50˚C for 2 min, 95˚C for 2 min, 35 cycles of 95˚C for 15 sec (not acquiring), annealing temperature for each set of primers (Table I) for 20 sec (not acquiring) and 72˚C for 20 sec (acquiring for SYBR). Continuously melting curve analysis performed ramping 55-95˚C (rising by 1˚C each step) and finishing at 72˚C for 5-10 min. Before the experiment started, we calibrated (acquiring for SYBR) at 72˚C.
Data analysis. Following completion of the amplification, melting curve analysis was performed. Bins were created for each peak. The melting temperature peak of each marker was determined by using control DNA samples. Threshold level and temperature threshold were useful when there was noise of the signal at low temperatures. Full report was saved for each sample. PCR product specificity was confirmed on a 2% agarose gel.
Analysis of a PCR-amplified DNA sample showed one melting peak for homozygous patients (Fig. 1A) and two melting peaks for heterozygous patients (Fig. 1B and C) . In LOH, only one of the two melting peaks remains in the tumor sample (Fig. 1C) . Microsatellite instability (MI) was identified when, in a tumor tissue sample, a new melting peak was created which was not observed in the paired normal sample from the same patient (Fig. 1C) .
LOH threshold calculation. In order to detect LOH with high specificity, we measured the interassay variability by repeated reactions of normal samples (27) . In brief, we assayed seven normal samples five times each and calculated the allelic ratio variation among the reactions of each sample. We then calculated the 95% reference range (mean ± 2 x SD) to 0.71-1.27. Thus, during specimen evaluation, any specimen (T/N) value found in both reactions outside this region was scored as LOH with a false positive probability of 2.5x10 -4 .
Sequencing analysis. Sequencing data were available in a group of samples. The PCR products were purified with QIAquick ® PCR purification kit (Qiagen). Nucleotide sequences were determined by direct sequencing (www.Lark.com.) and analyzed with chromas Sequencer program (http://www. technelysium.com.au/chromas.html).
Results

Real-time PCR and melting curve analysis.
The melting curve analysis at the PYGM locus revealed that 3 out of 8 (38%) informative (heterozygous) samples displayed LOH (Tables II   ONCOLOGY REPORTS 15: 557-564, 2006 Table II . Real-time PCR analysis of polymorphic markers at MEN1 locus.
- 
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a Positive lymph nodes at pathology (+); no lymph node metastasis reported (-); ND, no data.
b Metastasis (M); TC, typical carcinoids. c Each one of the polymorphic markers that showed a genetic alteration is indicated with a dot (•). Two dots (••) indicate that two markers were affected.
-----------------------------------------------------------------------------------------------------
and III; Figs. 2A and 3B ). In addition, 2 out of 15 total (13.3%) samples showed microsatellite instability at the PYGM site (Table II, Figs. 2A and 3C) . Unfortunately, none of the 15 samples analyzed for the DS11449 marker was informative (Tables II and III; Figs. 2A and 3A) . The melting curve analysis for the D11S906 locus revealed LOH for this locus in 2 out of 10 (20%) informative samples (Table III, Fig. 2A ) while 5 out of 10 (50%) samples showed microsatellite Table III . Genetic alterations at the MEN1 locus using melting curve analysis. - instability at the D11S906 site (Table III , Fig. 2A ). Sequencing analysis in a subset of specimens confirmed the repeat changes in all samples with detected MI (Table IV, Fig. 4 ). In summary, genetic alterations of the MEN1 gene were found in 45% of the cases for the PYGM marker while 70% of the cases exhibited a genetic alteration in the D11S906 site (Fig. 2B) . Moreover, 33% of the cases exhibited a genetic alteration (LOH or MI) in two polymorphic markers (Table III, Fig. 2B ). No correlation was observed between LOH/MI and any of the clinicopathological data available.
---------------------------------------------------------------------------------------
Real-time PCR and PCR analysis data. PYGM analysis with real-time PCR showed LOH in 3 patients, which was in agreement with PCR analysis data. Moreover, real-time PCR revealed microsatellite instability in 2 patients that had not observed.
D11S449 analysis with real-time PCR was in agreement with PCR analysis for this locus. D11S906 analysis with real-time PCR showed LOH in 2 patients, which was in agreement with PCR analysis. Moreover, MI in the D11S906 locus was observed in 2 patients by PCR analysis while realtime PCR and melting curve analysis revealed three more cases that were affected by MI.
Discussion
Alterations of the MEN1 gene occur in a great variety of endocrine tumors and they are considered also to be involved in the pathogenesis of pulmonary carcinoids (17) (18) (19) (20) (21) (22) (23) (24) . Specifically, allelic deletions and mutations of the MEN1 gene have been reported in lung carcinoid tumors, including those developing sporadically in the absence of MEN1 syndrome (17, 20, 24) . These alterations appear to be important in cancer pathogenesis and to affect additional genes telomerically to the MEN1 gene (8, 9) .
Several previous reports have focused on PYGM, a highly informative marker of the MEN1 gene (19, 24, 25) . The application of conventional PCR has revealed LOH in a significant number of predominantly sporadic pulmonary carcinoid cases (17, 19, 20, 24) . Our findings are, generally, in agreement with those previously reported (17) as we detected LOH in 38% of the studied cases. It is possible that the application of real-time PCR with melting curve analysis offers some increased sensitivity in the detection of LOH. Real-time PCR has been previously shown to be an efficient method for the detection of MI (28-30). In this study, we employed real-time PCR using SYBR-Green I dye and melting curve analysis and we showed that this is a different version of the method employed for MI detection. Genomic or microsatellite instability in the PYGM region has not been investigated extensively to date as there seems to be a single report of genomic instability associated with high polymorphism of the PYGM locus (25) . In our study, microsatellite instability of the same locus was detected in 13.3% of the cases by real-time PCR with melting curve analysis comparing tumor samples with normal tissue. D11S449 was also not extensively analyzed in pulmonary carcinoids. There is one previous report of LOH in 4 of the 8 studied cases (17) . In our study, this marker did not prove do be polymorphic at all as all the examined samples were homozygous.
We also analysed D11S906, which is located telomerically to the MEN1 gene and is a locus that has not been analyzed intensely in sporadic lung carcinoids, despite preliminary indications that it may label a locus with oncosuppresive activity (8, 20, 31) . LOH at D11S906 was previously shown in >50% of the cases (20, 24) while MI has been reported in a single case (24) . We confirmed that LOH is frequent and we demonstrated, for the fist time, that the D11S906 region shows significant genetic instability, as we found MI in 50% of our cases.
Multiple genetic alterations of MEN1 markers were found (Fig. 2) in certain samples. This is in agreement with previous studies indicating that, in sporadic lung carcinoids, there are multiple genetic alterations concentrated at the 11q locus, with a significant proportion of concurrent alterations of various genetic markers (17,20,24,31) . Table IV . Sequences of polymorphic markers at the MEN1 locus.
The sequences of primers are boxed.
-----------------------------------------------------------------------------------------------------
Of course, loss of the oncosuppresive function of MEN1 would not be the only mechansim for the development of sporadic lung carcinoids (32) . It has been suggested that there is an independent locus with oncosuppressive activity, on 11q telomerically to the MEN1 gene (8) . We have noticed that D11S906 showed frequent existence of allelic loss or MI. These findings could be due to inactivation of another putative oncosuppressive gene in the 'neighborhood' of MEN1.
In this study, we have applied for the first time, to our knowledge, a real-time PCR and melting curve analysis to assess LOH and MI in polymorphic markers at the MEN1 region, a technique which has not been applied previously in the analysis of pulmonary carcinoids. We demonstrated the reliability of our method, comparing its reproducibility with PCR analysis, and calculated the LOH thresholds based on the measured interassay variability to avoid false positives with a high probability. We also verified the MI cases by sequencing.
In conclusion, our findings suggest that real-time PCR with melting curve analysis can be applied feasibly and reliably in order to reveal genetic alterations such as LOH and MI. In addition, these findings further support previous findings implicating the MEN1 gene and a neighboring putative oncosuppressive gene in the development of sporadic pulmonary carcinoids, even when they arise outside of the context of MEN1 syndrome.
